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Abstract 
In a project, timeliness in doing any job should be emphasized in addition to the quality of the workmanship be in 
accordance with existing standards or regulations. This is true in case of Wooden Sailing Boat Project by Maritime 
Challenge ITS. But it is undeniable that many things can cause this project not in accordance with a predetermined 
schedule. The project delay is mainly caused by insufficient design, procurement delays, production delays and bad 
management. Insufficient design caused by less design detail, dimensionalchanges, file deleted, no backup file, 
drawing revision late, design convert late, design modeling late and limited understanding of designer. And minimal 
cut with probability of insufficient design are dimensional changes, file deleted, no backup file, less design detail, 
drawing revision late – limited understanding of designer, drawing revision late – design convert late (0.0113, 0.0232, 
0.0122, 0.0122, 0.0000185, 0.00000165 respectively).  
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1. Introduction 
Planning and scheduling are the most important part in the construction project. Construction project uses scheduling 
to manage the project time. Problems will arise if there is a discrepancy in the process with the actual reality. General 
effect that often happens is that the time delay of the project which has been determined. Maritime Challenge ITS as 
owner and contractor of the project also find the problem in scheduling. Since 2002 to 2013 there are four project have 
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been finished, all of the projects facingthe same problem which is the trouble of project delay. In this project, there is 
no proper evaluation of project activities and in-depth scientific based, there is only assumption of some technical 
implementation of the project, so there are lack of learning and improvement in subsequent projects, especially the 
problems of delay and handling impact. Therefore this paper will discuss risk assessment method to solve the problem. 
In this paper regulation used for risk analysis is an international standardization (ISO 31000:2009 and ISO 
31010:2009). 
 
2. Fault Tree Analysis 
FTA is a deductive approach that consists of symbols and gates in order to describe the process of system failure. In 
order to analyze the fault tree, the evaluations uses the rules of Boolean Algebra. A fault tree is translated into an 
equivalent set of Boolean equations. FTA is useful to describe the root cause of an accident logically. The application 
of FTA can be seen in another paper namely FTA as decision making for safety assessment1 and the FTA as one of 
the risk assessment method2. The basic mathematical technique involved in the quantitative assessment of fault trees 
is called probability theory. It defines an analytical treatment of events, and events are the fundamental components 
of fault trees3. In order to analyze the fault tree, there are three main analysis need to establish which are fault tree 
decision analysis, minimal cut sets and partial derivative. Cut set (CS) is a group of failure events that if they all occur 
causing the top event to occur. Minimal cut set (MCS) is a minimal group of failure events that can still cause the top 
event to occur4. Quantitative analysis of fault trees usually perform two cases5: 
i. Fault Trees without Repeated Events 
 The fault tree contains independent basic events which appear only once in the structure. The probability 
of top event can be obtained by calculating the basic event probabilities up through the tree.  
ii. Fault Trees with Repeated Events 
 In order to obtain the probability of top event when basic events in fault tree appear more than once, then 
the minimal cut sets (MCS) have to be determined. 
The FTA is carried out to find the root cause of potential failure until the controllable cause is reachable. FTA is a 
useful approach using logical symbols to understand the failure system and how to fix or prevent the failure. Fig. 1 
shows the outline how to develop fault tree.   
Here are the following Steps that help to construct the FTA: 
1. Step 1: Define system activity 
Define the system activity and identify the potential causes that may lead to an accident. 
2. Step 2: Define the FTA scope 
Define and identify the FTA scope which is the physical boundary conditions of the system.  
3. Step 3: Define the Top event 
Define and select a top event for the analysis. The top event needs to be specific based on the preliminary 
hazard analysis that discusses the potential failure of the system that may lead to the accident.  
4. Step 4: Define the tree of the structure 
Define and develop the tree of structure by identifying the faults that could lead to the accident or top event.    
5. Step 5: Explore each branch in successive levels of detail 
For each branch of fault tree, search and explore as many causes as possible that related to the fault. Connect 
each event with the gate symbol, which usually consist of AND gate and OR gate.  
6. Step 6: Solve the fault tree for the combination of events contributing to the top event. The combination 
events connect with the gate symbols that represent the sequencing of the faults and causes.   
7. Step 7: Identify important of potential dependent failure 
Keep on identifying the causes of each fault until the basic event or undesired event are reached. Basic event 
or dependent failures are the undesired event that we can do preventing on it.   
8. Step 8: Evaluate the fault tree 
Once the fault tree diagram is complete, the next thing to do is to evaluate. In order to quantify the fault trees 
the frequency for each of the basic event need to be established.  
9. Step 9: Calculate the frequency of hazards 
FTA utilizes Boolean algebra to calculate the frequency of the hazards. The gate symbol or logical input is 
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the expression of Boolean algebra. The rules of combination of the probabilities with OR gate is representing 
add frequency. The other rule of combination of the probabilities is AND gate which is representing multiply 
probabilities.   
10. Step 10: Analyze the frequency of the hazards 
 
Analyzing the frequency of the hazards begins with the basic events frequency and proceeds toward the top event. 
The basic event frequency or probabilities is gathered from the expert judgments. By computing all the bottom gates 
and proceed to the higher level finally the frequency of the top event can be determined. 
 
Define the FTA Scope
Define the TOP Event
Need to Adjust 
the Tree?
Analyze the Frequency 
of the Hazards
Calculate the 
Frequency of Hazards
Evaluate the Fault Tree
Explore Each Branch in 
Successive Levels of Detail
Define the Tree 
of Structure 
Solve the Fault Tree for the 
Combination of Events 
Contributing to the TOP 
Event
Identify Important of 
Potential Dependent 
Failure 
No
Yes
Define the System Activity
 
Fig. 1. FTA Procedure 
 
Table 1 Frequency index 
No. Frequency Index 
Probability 
Quantitative Qualitative 
1 ≤ 20% 10-5 Rare 
2 > 20% - 40% 10-4 Unlikely 
3 > 40% - 60% 10-3 Possible 
4 > 60% - 80% 10-2 Likely 
5 > 80% - 100% 10-1 Almost Certain 
 
In order to evaluate the failure probability of project delay, failure rate of basic event must be known. In this 
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study, the expert judgments are used to determine the probabilities of the basic events. The expert give their judgment 
to describe a real world situation, experience and knowledge based on actually condition of the project, shown in 
Table 1. 
 
3. Result and Discussion 
This paper analyzes the project delay by finding the contributing factors. Data used in this paper obtained through 
field observations using interview techniques and analysis of project document. The job lists examine the intire process 
in the Wooden Sailing Boat Project (design, procurement and production). 
 
3.1. Delay Factor Using Fault Tree Analysis 
 
Fig. 2 Construction of FTA diagram for four factors that cause delay in Wooden Sailing Boat Project 
20121 
This paper only discuss about factors caused by insufficient design. Fig. 2 shows the construction of FTA diagram 
for four factors that cause delay on Wooden Sailing Boat Project Maritime Challenge ITS. They are insufficient 
design, procurement delayed, production delayed and bad management. 
 
 
Fig. 3 FTA diagram for insufficient design 
 
While in Fig. 3 to be clarified by analyzing the root that causes the insufficient design namely, caused by design 
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isn’t clear because less design detail and dimensional changes, then no softcopy design due to files deleted and there 
is no backup file, design modification delayed because two factors, they are drawing revision late and design 
simulation hampered. Design simulation hampered because convert process long enough, design modeling late and 
limited understanding of designer. Then the basic events are listed in Table 1 obtained from the construction of FTA 
diagram for insufficient design. 
 
Fig. 4. Fault tree diagram insufficient design 
 
 
Fig. 5. Fault tree diagram insufficient design (continued) 
 
Then all basic event are found from insufficient design, to investigate the possibility of each basic event give 
impact to project delay, the experience and knowledge of expert judgment is needed. The experts give the judgments 
on every basic event which refers to Table 1. From the analysis of fault tree sought minimal cut set of each basic 
event. And the results of it’s analysis shows in Table 2 bellow. 
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Fig. 6. Fault tree diagram insufficient design (continued) 
 
Table 2 Basic event for Insufficient Design 
Kode Event 
A11 Less design detail 
A12 Dimensional changes 
A21 Files deleted 
A22 No backup file 
A31 Drawing revision late 
A321 Design convert late 
A322 Design modeling late 
A323 Limited understanding of designer 
 
Table 3 The minimal cut set of insufficient design 
Kode Event Probability 
A11 Dimensional changes 0.0113 
A12 Files deleted 0.0232 
A21 No backup file 0.0122 
A22 Less design detail 0.0112 
A31 Drawing revision late, limited understanding of designer 0.0000185 
A321 Drawing revision late, design convert late 0.00000165 
Total 0.05792 
  
Table 2 shows the probability of all basic events, directly minimal cut set of insufficient design is discovered. It 
is 0.05792, so insufficient design contributing cause project delay by 0.05792. With details of the value of the 
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probability of dimensional changes is 0.0113, field deleted is 0.0232, no backup file is 0.0122, less design detail is 
0.0112, drawing revision late, limited understanding of designer is 0.0000185 and drawing revision late, design 
convert late is 0.00000165. 
 
4. Conclusion 
In this paper, we obtained experts knowledge and experience on project delay for describing possibilities of project 
delay especially from insufficient desig factor as one of cause event. A few key points of this paper can be highlighted 
as follows: 
1. FTA is deductive risk analysis method that used to analyzethe root cause of undesired event in project delay. 
2. The main sub event failure of project delay are Insufficient design, Procurement Delayed, Production delayed 
and Bad Management. 
3. Based on the fault tree analysis the frequency of project delay fromInsufficient design is 0.05792 based on 
regulation. With details of the value of the probability of dimensional changes is 0.0113, field deleted is 
0.0232, no backup file is 0.0122, less design detail is 0.0112, drawing revision late, limited understanding of 
designer is 0.0000185 and drawing revision late, design convert late is 0.00000185. 
By knowing the factor cause project delay and its probability of failure it will be easier to do the risk management 
plans. 
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